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ABSTRACT
The developments of maritime sector in Indonesia
shows increasing demand for ships. Especially ships with
size of 30 GT has problem with low availability of the ship
engine, which most of the ships still use non marine diesel
engine as its main propulsion. The problem gives interest to
make a step to improve by design marine diesel engine
using reverse engineering method. Cam system of marine
diesel engine design was needed to be calculate to select the
material and the motion. The design of cam system needs
study about the stress analysis in cam system to make sure
the distribution of force and moment. The result of stress
analysis was used to select material of components in cam
system. The motion analysis result was used to be input data
of stress analysis. The condition to obtain the stress of
components was on maximum condition, its contain
pressure, torque, rotation, and force. All component that
calculated are camshaft, lifter (flat-tappet), push rod, rocker
arm, spring, and valve. Each component was given two
different materials and material selection was based on
safety factor of each component. Material for camshaft and
lifter were malleable cast iron, for push rod and rocker arm
were mild steel, for spring was ASTM A231, for intake
viii
valve was steel JIS SUH3, and for exhaust valve was steel
JIS SUH35. The result of motion analysis were angular
velocity of camshaft with value was 2400 deg/sec, friction
force between camshaft and lifter with maximum value was
125.393 N, and contact force between camshaft and lifter
with maximum value was 845.307 N, and linear velocity of
intake valve with maximum value was 696.573 mm/s, and
linear velocity of exhaust valve was 463.734 mm/s.
Keyword: Marine Diesel Engine, Stress Analysis, Motion
Analysis, Motion Study, Cam System, Material
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ABSTRAK
Perkembangan sektor kelautan di Indonesia
menunjukkan peningkatan permintaan pada kapal. Terutama
kapal dengan ukuran 30 GT yang memiliki masalah dengan
rendahnya ketersediaan mesin kapal, dimana sebagian besar
kapal masih menggunakan mesin diesel darat sebagai
penggerak utamanya. Masalah tersebut menarik perhatian
membuat langkah untuk meningkatkan keadaan tersebut,
dengan desain mesin marine diesel menggunakan metode
reverse engineering. Sistem cam dari desain mesin marine
diesel perlu dilakukan perhitungan untuk memilih bahan dan
analisis gerakan. Desain sistem cam memerlukan penelitian
tentang analisis tegangan dalam sistem cam untuk
meyakinkan tentang distribusi gaya dan momen sudah
sesuai. Hasil analisis tegangan digunakan untuk memilih
bahan komponen dalam sistem cam. Hasil analisis gerakan
digunakan untuk menjadi input data analisis tegangan.
Kondisi untuk mendapatkan tegangan pada komponen
dikondisi maksimum, yang mengandung tekanan, torsi,
rotasi, dan gaya. Semua komponen yang dihitung adalah
camshaft, lifter (tappet datar), pushrod, rocker arm, spring,
dan katup. Setiap komponen diberi dua bahan yang berbeda
xdan pemilihan material didasarkan pada faktor keamanan
dari masing-masing komponen. Bahan untuk camshaft dan
lifteradalah malleable cast iron, untuk pushrod dan rocker
arm adalah baja ringan, untuk spring adalah ASTM A231,
untuk katup masuk adalah baja JIS SUH3, dan untuk katup
buang adalah baja JIS SUH35. Hasil analisis gerakan adalah
kecepatan sudut camshaft dengan nilai maksimum sebesar
2400 deg/sec, gaya gesekan antara camshaft dan lifter
dengan nilai maksimum sebesar 125.393 N dan gaya kontak
antara camshaft dan lifter dengan nilai maksimum sebesar
845.307 N, dan kecepatan linear dari katup masuk dengan
nilai maksimum sebesar 696.573 mm/s, dan kecepatan
linear dari katup buang dengan nilai maksimum sebesar
463.734 mm/s.
Kata kunci: Mesin Marine Diesel, Analisis Tegangan,
Analisis Gerak, Studi Gerak, Sistem Cam, Material
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CHAPTER I 
INTRODUCTION 
 
1.1. BACKGROUND 
In many engines the most heavily loaded mating parts are 
the cam and cam follower. Camshaft is frequently called “brain” 
of the engine. This is so because its job to open and closed at just 
the right time during engine rotation, so that the maximum power 
and efficient cleanout of exhaust to be obtained. Nowadays, using 
of camshaft technology decrease because of the technology 
improvement to replace camshaft technology. It’s losing because 
of low efficiency of the camshaft itself in a different condition of 
the engine. 
Even though using of camshaft technology decrease, there 
are a lot of engines that still using camshaft system because of its 
simple application for the engines. The ideal of camshaft system 
according to surface quality, lubrication and metallurgy based on 
the research, has shown that the cam nose often operates in the 
boundary lubrication regime. 
Juniono Raharjo, Institut Teknologi Sepuluh Nopember 
(ITS) student’s bachelor thesis in 2015, it discusses about 
“Design marine diesel using Reverse Engineering Method” 
because fishing vessel with capacity around 30 GT has problem 
with low availability of the ship engine, which most of the ships 
still use non marine diesel engine as its main  propulsion. The 
result of the thesis is engine design with 93 KW. There are some 
components of the engine design that have not been discussed 
about and it is cam system. Cam system is the main role of the 
engine, and it is need to be filled with valid information. The 
design of camshaft affect the displacement of air that flow into 
combustion chamber. There are some motion forces that work 
into the material of cam system. In this case, the type of cam 
system is side operating camshaft with tappet (flat) and rocker 
arm. Using simulation and design of cam system to collect data, 
and used for calculation. The calculation includes motion and 
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stress distribution analysis. It is used for choosing the right 
material so that the motion and stress can be distribute correctly. 
1.2. STATEMENT OF PROBLEMS 
Based on the above description, presented several 
formulation of the problem: 
1. How to distribute the stress of components cam system in 
marine diesel engine 93 KW? 
2. How to select the materials of cam system in marine diesel 
engine 93 KW? 
3. How to analyze the motion of components cam system in 
marine diesel engine 93 KW? 
1.3. RESEARCH LIMITATION 
1. Analysis of the problem will use software such as 
SOLIDWORK. 
2. The components of cam system: camshaft, lifter, push rod, 
rocker arm, and valve spring. Overhead Valve (OHV) 
system. 
1.4. RESEARCH OBJECTIVES 
This bachelor thesis aim to: 
1. Knowing the stress distribution of components cam system 
in marine diesel engine 93KW. 
2. Selecting the right materials of components cam system in 
marine diesel engine 93KW. 
3. Knowing the motion analysis of components cam system in 
marine diesel engine 93KW. 
1.5. RESEARCH BENEFITS 
Benefits to be gained from this bachelor thesis are: 
1. Reference in utilization of motion and stress analysis cam 
system. 
2. Recommendation of material and motion components cam 
system based on calculation. 
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CHAPTER II 
LITERATURE REVIEW 
 
2.1. LITERATURE REVIEW 
2.1.1. CAMSHAFT 
Camshaft is frequently called “brain” of the engine. This is 
because of its job to open and closed at just the right time during 
engine running, so that the maximum power and efficient 
cleanout of exhaust to be obtained. The valve train system with 
type of overhead valve is usually used for old engine. Driving the 
camshaft is the crankshaft, usually through a set of gears or a 
chain or belt. The camshaft always rotates at half of crank rpm, 
taking two full rotations of the crankshaft to complete one 
rotation of the cam, to complete a four-stroke cycle. 
 
Figure 2.1 Side operating camshaft with tappet (flat) and rocker 
arm 
(Source: Eyre and Crawley, 1980) 
The camshaft operates the lifters (also called tappets or cam 
followers) that in turn operate the rest of the valve train. On 
"overhead valve" engines the lifters move pushrods that move 
rocker arms that move valve stems. Lifters can be of several 
types. The most common are hydraulic, mechanical and roller 
lifters. Mechanical lifters are solid metal called push rod and 
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require scheduled adjustment for proper valve clearance. These 
are used in high-rpm applications. Roller lifters use a roller device 
at one end and can be hydraulic or mechanical. They are used in 
applications where a very fast rate of valve lift is required. 
(Eyre and Crawley, 1980) 
Table 2.1 Typical camshaft materials 
Type C% Si% Mn% P% S% Cr% Mo% Ni% Mg% 
Grey cast 
iron 
3.1 2.1 0.7 0.2 0.1 1.0 0.4 0.4 
- 
3.3 2.4 0.9 max Max 1.25 0.7 - 
Chilled 
cast Iron 
3.6 2.3 0.6 0.12 0.30 0.15 
- 
0.5 
- 
max max 1.2 max Max max max 
Nodular 
Iron 
3.1 2.1 
- 
0.2 0.1 1.0 0.4 0.4 0.7 
3.3 2.4 max Max 1.25 0.7 0.7 0.9 
Malleable 
iron 
2.2 0.7 0.2 0.12 0.05 
- - - - 
3.0 1.2 0.5 max 0.16 
(Source:Eyre and Crawley, 1980) 
Camshaft Material. A wide range of materials are currently 
specified for the production of camshafts (Table 2.1). Cast iron, 
which is cheap and readily available, is a widely used material for 
large volume production, and steel is used to a lesser extent, 
mainly for low volume production. (Eyre and Crawley, 1980) 
The lift produced by the cam in cam-actuated valve drives, 
which are still primarily in use, is transmitted to the valve: 
- by a tappet, push rod and rocker arm in under head camshafts, 
- by a rocker arm or cam follower or by a bucket tappet in 
overhead camshafts and the valve is lifted against the valve 
spring’s force. 
Since they have single-cylinder heads, large diesel engines 
down to and including commercial vehicle engines are equipped 
with under head camshafts. 
(Klaus Mollenhauer and Helmut Tscoeke, 2010) 
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2.1.2. VALVE TRAIN SYSTEMS 
Modern valve train systems can be broadly divided into 
overhead camshaft (ohc) and overhead valve (ohv) types. The ohv 
is gradually being replaced as the most common by the single ohc 
layout. The inherent high inertial forces of the ohv have thus lead 
to the greater use of ohc designs. 
 
Figure 2.2 Overhead Camshaft (OHC) 
The upper camshaft is mounted above the separating line of 
cylinder head and engine block. With only one camshaft, this set-
up is called overhead camshaft (OHC). 
 
Figure 2.3 Overhead Valves (OHV) 
The lower camshaft is mounted below the separation line 
of cylinder head and engine block. This design is called overhead 
valve (OHV). 
(Eyre and Crawley, 1980) 
The difference of design camshaft between OHV and OHC 
is the production of material parts. OHV camshaft need push rod 
6 
 
and rocker arm to run the valve train, which the camshaft doesn’t 
make direct contact to the valve. Furthermore, the rocker arm that 
contact to valve, so material of it needs to be hardening to protect 
high temperature especially in exhaust part. In other types, OHC 
is used camshaft with different structure design production. 
Camshaft for OHC is making direct contact with valve, and the 
conduction heat from exhaust gas will go through camshaft. 
Therefore, the camshaft in exhaust cam has different strength 
hardening with intake cam. 
2.1.3. SOLIDWORKS SOFTWARE 
The Simulation for motion analysis is using SOLIDWORK 
software to obtain the motion data for the cam system. This 
software also helps to select material that fit with the 
requirements. There will be calculation for the standard of 
materials so that results can be a recommendation or suggestion 
for better condition. All data will get from some student’s 
bachelor thesis that have connection with the research for motion 
and stress distribution analysis. 
Parameters refer to constraints whose values determine the 
shape or geometry of the model or assembly. Parameters can be 
either numeric parameters, such as line lengths or circle 
diameters, or geometric parameters, such as tangent, parallel, 
concentric, horizontal or vertical, etc. Numeric parameters can be 
associated with each other through the use of relations, which 
allow them to capture design intent. 
2.2. STATE OF THE ART 
Related to this research, there were some researchers who 
already have conducted research using theme of analyze motion 
for engine components system with variations of the engine. For 
example are Torsional Vibrations of Camshafts by Ziya Saka and 
Yuksel Yilmaz. This study deals with the torsional vibrations on 
the camshafts in force closed cam mechanism. Vibrations of 
camshafts with a flat-faced follower differ from ones with a roller 
follower because of the friction between cam and follower. 
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Vibrations on the camshaft affect the follower motion and contact 
force. The purpose to examine influences of the flexibility 
camshaft on the follower motion based only the torsional 
vibratory motion. 
(Ziya Saka and Yuksel Yilmaz, 1991) 
Applying this information to analyze motion and stress 
distribution of cam system components in marine diesel engine 93 
KW will make this research to meet the standard and valid 
results. Using data from Juniono Raharjo, Institut Teknologi 
Sepuluh Nopember (ITS) student’s bachelor thesis in 2015, to 
ease this research. The thesis using SOLID WORK software to 
redraw the marine diesel engine, this thesis purposes are to design 
of marine diesel 4 stroke 4 cylinder 93 KW and modify the 
components of marine diesel. 
From the studies above, the conclusion is that cam system 
has complex step to design which is from calculation, choosing 
material, motion and stress distribution analysis, redraw the cam 
system components. Continue from Juniono Raharjo, Institut 
Teknologi Sepuluh Nopember (ITS) student’s bachelor thesis in 
2015, it discusses about “Design marine diesel using Reverse 
Engineering Method”, cam system is taken and be topic to discuss 
with using studies from above as the basis of information to fulfill 
the step of this research. Simulation, redraw, and calculation only 
for the motion and stress distribution analyze, which were the 
cam design already be conducted by studies above. 
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CHAPTER III 
METHODOLOGY 
 
Arranged to resolve the above problem would be to use the 
calculation and analysis method. This can be seen in the 
flowchart. There are several stages: 
3.1 IDENTIFICATION COMPONENTS 
The identification of components and material that has correlation 
with cam system is: 
3.1.1. Camshaft 
Volume = 724380.46 mm3 
Surface area = 96231.82 mm2 
Material types : 
1. Grey cast iron 
2. Malleable iron 
 
Figure 3.1 Camshaft 
 
Table 3.1 Grey Cast Iron Material Properties 
Material Grey Cast Iron 
Density 7200 kg/m3 
Isotropic Elasticity   
  Young's Modulus 82 Gpa 
  Poisson's Ratio 0.26 
Tensile Yield Strength 98 Mpa 
Compressive Yield Strength 98 Mpa 
Tensile Ultimate Strength  150 Mpa 
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Table 3.2 Malleable Cast Iron Material Properties 
Material Malleable Cast Iron 
Density 7300 kg/m3 
Isotropic Elasticity   
  Young's Modulus 190 Gpa 
  Poisson's Ratio 0.27 
Tensile Yield Strength 275.74 Mpa 
Compressive Yield Strength  275.74 Mpa 
Tensile Ultimate Strength 413.61 Mpa 
3.1.2. Push rod 
Volume = 20045.39 mm3 
Surface area = 8625.96 mm2 
Material types:  
1. Mild steel 
2. 4130 or 4140 chromoly tubing 
 
Figure 3.2 Pushrod 
 
Table 3.3 Mild Steel Material Properties 
Material Mild Steel 
Density 7870 kg/m3 
Isotropic Elasticity   
  Young's Modulus 210 Gpa 
  Poisson's Ratio 0.29 
Tensile Yield Strength 370 Mpa 
Compressive Yield Strength 370 Mpa 
Tensile Ultimate Strength 440 Mpa 
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Table 3.4 Chromoly Tubing Material Properties 
Material Chromoly Tubing 
Density 7850 kg/m3 
Isotropic Elasticity   
  Young's Modulus 190 Gpa 
  Poisson's Ratio 0.27 
Tensile Yield Strength 460 Mpa 
Compressive Yield Strength 460 Mpa 
Tensile Ultimate Strength 560 Mpa 
The best advice for selecting performance pushrods 
is to use the largest, stiffest, strongest pushrods that will 
physically fit the motor. 
3.1.3. Rocker arm 
Volume = 145728.88 mm3 
Surface area = 42477.27 mm2 
The most common rocker materials are steel and 
aluminium. Material properties follows push rod material. 
1. Steel, many automotive applications make use of steel 
for these reasons, as this material can provide a balance 
between weight and durability. [1] 
2. Chromoly tubing steel is a common material for high-
performance parts, and rocker arms are no exception. 
 
Figure 3.3 Rocker Arm 
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3.1.4. Lifter 
Volume = 13849.92 mm3 
Surface area = 5423.49 mm2 
 
Figure 3.4 Lifter (flat tappet) 
Flat-tappet camshafts are all castings. Basically a 
very simple, yet pretty decent, alloy of cast iron that is 
flame hardened so it has a very deep hardness. Material 
properties follows camshaft material. 
3.1.5. Springs valve 
Volume = 7346.06 mm3 
Surface area = 6063.38 mm2 
1. Chrome-Vanadium Oil Tempered (ASTM A231) 
1.5mm to 6mm Wire Diameter 
2. Silicon-Chrome Oil Tempered (ASTM A401) 
0.5mm to 14mm Wire Diameter 
 
Figure 3.5 Spring Valve 
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Table 3.5 ASTM A231 Material Properties 
Material ASTM A231 
Density 7860 kg/m3 
Isotropic Elasticity   
  Young's Modulus 206 Gpa 
  Poisson's Ratio 0.29 
Tensile Yield Strength 1510 Mpa 
Compressive Yield Strength 1510 Mpa 
Tensile Ultimate Strength 2241 Mpa 
Table 3.6 ASTM A401 Material Propeties 
Material ASTM A401 
Density 7860 kg/m3 
Isotropic Elasticity   
  Young's Modulus 220 Gpa 
  Poisson's Ratio 0.33 
Tensile Yield Strength 1787 Mpa 
Compressive Yield Strength 1787 Mpa 
Tensile Ultimate Strength 2068 Mpa 
3.1.6. Valve (intake and exhaust) 
 
Figure 3.6 Valve Exhaust 
 
Figure 3.7 Valve Intake 
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 Outtake Valve 
Volume = 12201.78 mm3 
Surface area = 6702.16 mm2 
Exhaust valves in diesel engines are commonly made from 
1. Mn-Ni-Cr steel JIS SUH35 (21-4N) 
2. Ni-Cr-Mo steel JIS SUH37 (21-12N) 
o Intake Valve 
Volume = 13672.16 mm3 
Surface area = 7202.26 mm2 
Inlet valves in diesel engines are commonly made from 
1. Si-Cr-Mo steel JIS SUH3 
2. Si-Cr steel JIS SUH11 (EN52) 
Table 3.7 Steel JIS SUH35 Material Properties 
Material Steel 21-4N (JIS SUH35) 
Density 7870 kg/m3 
Isotropic Elasticity   
  Young's Modulus 215 GPa 
  Poisson's Ratio 0.33 
Tensile Yield Strength 559 MPa 
Compressive Yield Strength 559 MPa 
Tensile Ultimate Strength 882 MPa 
Table 3.8 Steel JIS SUH37 Material Properties 
Material Steel 21-12N (JIS SUH37) 
Density 7870 kg/m3 
Isotropic Elasticity   
  Young's Modulus 210 GPa 
  Poisson's Ratio 0.29 
Tensile Yield Strength 392 MPa 
Compressive Yield Strength 392 MPa 
Tensile Ultimate Strength 785 MPa 
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Table 3.9 Steel JIS SUH3 Material Properties 
Material Steel JIS SUH3 
Density 8610 kg/m3 
Isotropic Elasticity   
  Young's Modulus 423 GPa 
  Poisson's Ratio 0.29 
Tensile Yield Strength 686 MPa 
Compressive Yield Strength 686 MPa 
Tensile Ultimate Strength 932 MPa 
Table 3.10 Steel JIS SUH11 Material Properties 
Material Steel JIS SUH11 
Density 7850 kg/m3 
Isotropic Elasticity   
  Young's Modulus 210 GPa 
  Poisson's Ratio 0.3 
Tensile Yield Strength 686 MPa 
Compressive Yield Strength 686 MPa 
Tensile Ultimate Strength 932 MPa 
3.1.7. Supporting component 
There are some components that include in motion 
analysis, it contain: 
a. Gear (to connect crankshaft with camshaft) 
 
Figure 3.8 Gear Camshaft and Crankshaft 
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b. Connecting rod 
 
Figure 3.9 Connecting rod 
c. Piston and piston ring 
 
Figure 3.10 Piston and piston ring 
d. Crankshaft 
 
Figure 3.11 Crankshaft 
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e. Cylinder block and Cylinder head 
 
Figure 3.12 Cylinder block and Cylinder head 
f. Cam System 
 
Figure 3.13 Cam system Design for Stress Analysis 
The design above is cam systems for stress 
distribution, with input data of material and connection. 
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Figure 3.14 Engine Design for Motion Analysis 
The design above for motion analysis, with input data is 
pressure (P-V diagram) in each piston. The correlation of 
crankshaft with camshaft is using gear. 
3.2 SELECTING OF LIST MATERIAL OPTION FOR 
CAM SYSTEM COMPONENTS 
After identification of the components, selecting material 
that fits into the components is one of the problems solve. First 
step, list all material to fit in to the components of cam systems. 
After listing each component of the material was done, the list 
will be an option to select good material which is fit with 
condition of engine. Using software to analyze material that 
fulfills the requirement for distribute all stress that work at cam 
systems. Selecting material based safety factor of the material 
itself against stress that distribute to the systems. 
3.3 STRESS DISTRIBUTION ANALYSIS 
It contents with analysis using data from previous research 
and adjust with another components working process using 
compatible material. Stress distribution to analyze the stress 
distribution each components in static structural condition. The 
analysis use data of properties material each components and data 
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performance engine and the result is equivalent (von-mises) 
stress. All correlation of components must be correct and not 
fixed (which can be moved). 
3.3.1. Meshing 
Stress analysis need to be meshed before produce the 
result, which is meshed by the geometry each component. 
Meshing is process of dividing the geometry into small 
element and be analyzed each element. 
The condition of stress analysis be made with using 
tetrahedrons mesh type, which has six nodes with pyramid 
shape. Its simple and gives accurate analysis result for each 
component. Components that need to be meshed are: 
a. Camshaft 
 
Figure 3.15 Camshaft Mesh 
 
b. Pushrod 
 
Figure 3.16 Pushrod Mesh 
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c. Rocker Arm 
 
Figure 3.17 Rocker Arm Mesh 
d. Lifter 
 
Figure 3.18 Lifter Mesh 
e. Spring 
 
Figure 3.19 Spring Mesh 
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f. Intake Valve 
 
Figure 3.20 Intake Valve Mesh 
g. Exhaust Valve 
 
Figure 3.21 Exhaust Valve Mesh 
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3.3.2. Stress analysis input data 
After meshing was conducted, input data was 
conducted to begin the simulation stress analysis. The 
analysis was done by each component and be made in 
condition like cam system works. 
a. Camshaft 
Camshaft stress analysis was divided into 4 condition, 
because camshaft was a rotating component and push 
the lifter in a row. 
i. Condition I 
 
Figure 3.22 Condition I Camshaft Stress Analysis 
Condition I camshaft when push lifter in cam lobe 1 and 
cam lobe 6. Cam lobe 1 position was in near gear cam 
and then follows by other cam lobe to end.  
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Figure 3.23 Data Input Camshaft Condition I 
ii. Condition II 
 
Figure 3.24 Condition II Camshaft Stress Analysis 
Condition II camshaft when push lifter in cam lobe 2 
and cam lobe 3. 
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Figure 3.25 Data Input Camshaft Condition II 
iii. Condition III 
 
Figure 3.26 Condition III Camshaft Stress Analysis 
Condition III camshaft when push lifter in cam lobe 5 
and cam lobe 8. 
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Figure 3.27 Data Input Camshaft Condition III 
iv. Condition IV 
 
Figure 3.28 Condition IV Camshaft Stress Analysis 
Condition III camshaft when push lifter in cam lobe 5 
and cam lobe 8. 
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Figure 3.29 Data Input Camshaft Condition IV 
b. Pushrod 
Condition of pushrod for the stress analysis was when 
distribute the force from lifter into rocker arm. 
 
Figure 3.30 Condition Pushrod Stress Analysis 
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Figure 3.31 Data Input Pushrod 
Figure 3.31 shows data input for pushrod with force 
position at top and bottom of the component. 
c. Rocker Arm 
 
Figure 3.32 Condition Rocker Arm Stress Analysis 
 
Figure 3.33 Data Input Rocker Arm 
Figure 3.33 shows data input for rocker arm, with both 
of arm was hold the force from pushrod and valve. 
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d. Lifter 
 
Figure 3.34 Condition Lifter Stress Analysis 
 
Figure 3. 35 Data Input Lifter 
Figure 3.35 shows data input lifter with force position at 
top and bottom which was distribute the force from 
camshaft into pushrod, also hold the friction force from 
camshaft. 
e. Spring 
 
Figure 3.36 Data Input Spring Valve 
Figure 3.36 shows data input spring valve with force 
position at top of the component. The position can be 
seen at Figure 3.37. 
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Figure 3.37 Condition Spring Valve Stress Analysis 
f. Intake Valve 
 
Figure 3.38 Condition Intake Valve Stress Analysis 
 
Figure 3.39 Data Input Intake Valve 
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Figure 3.39 shows data input intake valve with pressure 
of combustion in area that hold the pressure. 
g. Exhaust Valve 
 
Figure 3.40 Condition Exhaust Valve Stress Analysis 
 
Figure 3.41 Data Input Exhaust Valve 
Figure 3.41 shows data input exhaust valve, same with 
intake valve that should be hold the pressure 
combustion. 
3.3.3. Simulation Stress Analysis 
The simulation stress analysis using software could begin 
after meshing and inputing data was done. The simulation 
would give result based on mechanical stress which was 
the cam system works. 
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3.4 SELECTING MATERIAL OF CAM SYSTEM 
COMPONENTS 
The result of stress distribution is data of stress that hold in 
each component of cam systems. The strength material is 
important to hold stress and moment that cam systems work. The 
selecting material is based on safety factor, where safety factor is 
the value of yield tensile strength of material divided by 
equivalent (von mises) stress. Every components has limit for the 
safety factor, it is used for additional stress that might be not 
include in analysis. The value of higher safety factor, it makes 
safer but also higher cost. According to some journal, every 
material that easy to replace usually has low safety factor. The 
standard of safety factor value should be more than 1 to replace 
the additional stress. 
3.5 MOTION ANALYSIS 
Motion analysis used Solidworks software to analyze the 
movement of the cam systems. The movement did not using 
motor to rotate the systems, but using pressure (change into force) 
that collected from performance prediction simulation into the 
piston. Condition of the data was at maximum performance. The 
movement will be look alike real engine motion with piston 
moves crankshaft to rotate and gear correlation with camshaft. 
The data material of each component will be data input for 
motion analysis. Making the result of motion analysis is more 
accurate. 
3.5.1. Data Input Motion Analysis 
Motion analysis condition would be shown in figure below 
to collect the result. 
a. Pressure 
The pressure was given to piston side follows fire order 
in simulation engine and fit into geometry. Data input 
can be seen in attachment. In Figure 3.42 can be seen 
the downward blue arrow, shows the position of force 
by follows fire order. 
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Figure 3.42 Position of Force in Motion Analysis 
b. Body Contact 
Body contact was given between camshaft – lifter and 
rocker arm – valve to obtain the friction force and real 
connection between those component. Figure 3.43 and 
Figure 3.44 shows the geometry of body contact. 
 
Figure 3.43 Body Contact Camshaft – Lifter 
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Figure 3.44 Body Contact Rocker Arm - Valve 
c. Flexible spring 
There was spring geometry which has been made, but in 
motion analysis those component was replaced by 
flexible spring to give accurate result. Figure 3.45 
shows the geometry od flexible spring. 
 
Figure 3.45 Flexible Spring in Motion Analysis 
3.5.2. Motion Analysis Properties 
Motion analysis properties set into fine properties, 
Table 3.11 shows the motion analysis properties. 
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Tabel 3.11 Motion Analysis Properties 
Frame per second 500 
3D Contact Resolution Medium 
Accuracy 0.00001 
Cycle Settings (rate) 1 cps 
Integrator Type WSTIFF 
Maximum Iterations 25 
Initial Integrator Step Size 0.00001 
Minimum Integrator Step Size 0.00000001 
Maximum Integrator Step Size 0.001 
Jacobian Re-evaluation Every Iteration 
3.6 CONCLUSION AND RESULTS 
Motion and stress distribution recommendation according 
to the conclusions is based on the results that obtained and 
suggests for further research development. 
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3.7 METHODOLOGY FLOW CHART 
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Figure 3.46 Methodology Flow Chart 
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CHAPTER IV 
DATA ANALYSIS 
 
In this chapter, there would be explanation about 
result of the stress analysis and motion analysis. The 
analysis contains different material and simulation for the 
cam systems. 
4.1. STRESS ANALYSIS 
Stress distribution analysis to calculate stress that 
happens in cam systems. It’s static structural condition with 
parameter for the stress distribution: 
a. Torque 
Moment for the rotation of the gear cam in condition 
highest torque that engine can rotate. From simulation 
software data can be collected that highest torque of engine 
was 476 Nm and comes from 1600 rpm. The torque comes 
from crankshaft, then we put the torque into camshaft with 
ratio gear 1:2, so the torque follows with the ratio with 
value 953 Nm and 800 rpm that be transferred with gear. 
b. Friction force 
In every bearing and cam area gives friction force 
when the camshaft was rotating. Calculate all the weight of 
components that push the camshaft down and data from 
motion analysis. The components are push rod, lifter, and 
rocker rod that gives force downward. 
c. Force of spring valve 
Valves will open when cam lobe pushes the valve to 
open, and gives force or energy to it. Design of spring 
valve comes from forces of centripetal that produce from 
rotating the cam. The force has to be bigger than the spring 
force, so the valve can be opened. 
d. Material properties 
Material data are density, strength, and isotropic 
elasticity that be used for calculation in the simulation. 
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e. Condition of analysis 
Cam system analysis was conducted separately for 
each component so that it could give more detailed results. 
The input data were based on action reaction equation of 
Newton's Law, which on the system, each component 
distribute the force and tension to each other. The input 
data were taken or calculated on maximum stress 
condition, by maximizing prediction of each component to 
withstand the tension. 
Table 4.1 Input Data Stress Analysis of Cam System 
Torque in camshaft 953.186 Nm 
Rotation in camshaft 800 Rpm 
Spring constant (K) 61.65 N/mm 
Intake friction 125.393 N 
Outtake friction 106.217 N 
Intake normal force 845.307 N 
Outtake normal force 717.088 N 
Intake rocker arm ratio 31.33 : 48.14 
Outtake rocker arm ratio 31.33 : 54.65 
Additional friction *) 2.15 N 
Pressure valve 17.442 MPa 
*) weigth material effect into bearing 
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4.1.1. Camshaft Static Structural Result 
a. Gray Cast Iron 
 
Figure 4.1 Gray Cast Iron Equivalent (von-Mises) Stress 
Figure 4.1 shows result the simulation of camshaft 
static structural which was using gray cast iron material. 
The result shows equivalent stress maximum value was 
3.0463 MPa and minimum value was 0.0029098 MPa. In 
Figure 4.1 had seen the result of maximum stress was in 
other side of camshaft gear, where torsion were end in this 
side and all the seats of camshaft hold friction stress cause 
by bearing. 
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Figure 4.2 Gray Cast Iron Total Deformation 
Figure 4.2 shows deformation result on camshaft 
component where location of the deformation be near cam 
lobe. Its happen because the force when rotate, push lifter 
and then valve to be opened. The maximum deformation 
value was 0.0025159 mm and minimum value was 0 mm. 
Each condition for camshaft to open the valve, the 
maximum value point had different position follows the 
firing order. All condition means when camshaft rotate, 
there will be sequence that valve opened by the cam lobe. 
All sequence shows the deformation point follows the 
firing order, and its apply to equivalent stress too. 
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b. Malleable Cast Iron 
 
Figure 4.3 Malleable Cast Iron Equivalent (von-Mises) Stress 
Figure 4.3 shows result the simulation of camshaft 
static structural which was using malleable cast iron 
material. The result shows equivalent stress maximum 
value was 3.045 MPa and minimum value was 0.003087 
MPa. In figure 4.3 can be seen the result of stress analysis 
maximum value point same with gray cast material. 
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Figure 4.4 Malleable Cast Iron Total Deformation 
Figure 4.4 shows deformation result on camshaft 
component where location of the deformation be near cam 
lobe and the position same with gray cast iron material. 
The maximum deformation value was 0.0010877 mm and 
minimum value was 0 mm. 
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4.1.2. Intake Valve Static Structural Result 
a. Steel JIS SUH3 
 
Figure 4.5 Steel JIS SUH3 Equivalent (von-Mises) Stress 
Figure 4.5 shows results stress analysis of intake 
valve using steel JIS SUH3 material. The result shows 
equivalent stress maximum value was 19.893 MPa and 
minimum value was 6.466e-19 MPa. In figure 4.5 can be 
seen the result of stress analysis maximum value point on 
side of area that be pressured. The minimum value could be 
nearly zero because the other side of area that be pressured 
was holded by cylinder head, so tube valve area did not 
hold stress but the cylinder head does. 
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Figure 4.6 Steel JIS SUH3 Total Deformation 
Figure 4.6 shows deformation result on intake valve 
where location of the deformation on the middle of area 
that be pressured. The maximum deformation value was 
0.00025571 mm and minimum value was 0 mm. 
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b. Steel JIS SUH11 
 
Figure 4.7 Steel JIS SUH11 Equivalent (von-Mises) Stress 
Figure 4.7 shows results stress analysis of intake 
valve using steel JIS SUH11 material. The result shows 
equivalent stress maximum value was 19.056 MPa and 
minimum value was 6.9811e-20 MPa. The location of 
maximum value point same with steel JIS SUH3 material. 
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Figure 4.8 Steel JIS SUH11 Total Deformation 
Figure 4.8 shows deformation result on intake valve 
where location of the deformation on the middle of area 
that be pressured same with steel JIS SUH3 material. The 
maximum deformation value was 0.00050392 mm and 
minimum value was 0 mm. 
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4.1.3. Exhaust Valve Static Structural Result 
a. Steel JIS SUH35 
 
Figure 4.9 Steel JIS SUH35 Equivalent (von-Mises) Stress 
Figure 4.9 shows results stress analysis of exhaust 
valve using steel JIS SUH35 material. The result shows 
equivalent stress maximum value was 18.152 MPa and 
minimum value was 0 MPa. In figure 4.9 can be seen the 
result of stress analysis maximum value point on near side 
of area that be pressured. The reason of minimum value can 
be zero was the same with explanation in intake valve. 
  
48 
 
 
Figure 4.10 Steel JIS SUH35 Total Deformation 
Figure 4.10 shows deformation result on exhaust 
valve where location of the deformation on the middle of 
area that be pressured. The maximum deformation value 
was 0.00053259 mm and minimum value was 0 mm. 
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b. Steel JIS SUH37 
 
Figure 4.11 Steel JIS SUH37 Equivalent (von-Mises) Stress 
Figure 4.11 shows results stress analysis of exhaust 
valve using steel JIS SUH37 material. The result shows 
equivalent stress maximum value was 16.075 MPa and 
minimum value was 5.5166e-20 MPa. In figure 4.11 can be 
seen the result of stress analysis maximum value point 
location same with steel JIS SUH35 material. 
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Figure 4.12 Steel JIS SUH37 Total Deformation 
Figure 4.12 shows deformation result on exhaust 
valve where location of the deformation on the middle of 
area that be pressured. The maximum deformation value 
was 0.00048913 mm and minimum value was 0 mm. 
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4.1.4. Lifter Static Structural Result 
a. Gray Cast Iron 
 
Figure 4.13 Gray Cast Iron Equivalent (von-Mises) Stress 
Figure 4.13 shows result stress analysis lifter using 
gray cast iron material with the maximum value was 
35.321 MPa and minimum value was 0.00075849 MPa. in 
Figure 4.13 can be seen the position maximum value of 
stress was below side, because it holds the stress from 
friction force with camshaft and distribute force from 
camshaft to pushrod. 
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Figure 4.14 Gray Cast Iron Total Deformation 
Figure 4.14 shows deformation result because the 
friction forces that happen in lifter. The maximum 
deformation value was 0.0072587 mm and minimum value 
was 0 mm. Deformation was done because friction force 
and normal force in area that connected with camshaft. 
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b. Malleable Cast Iron 
 
Figure 4.15 Mallable Cast Iron Equivalent (von-Mises) Stress 
Figure 4.15 shows result stress analysis lifter using 
mallable cast iron material with the maximum value was 
34.867 MPa and minimum value was 0.00080046 MPa. In 
figure 4.15 can be seen the position of the maximum value 
point where the position same with gray cast iron material. 
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Figure 4.16 Mallable Cast Iron Total Deformation 
Figure 4.16 shows deformation result with the 
maximum deformation value was 0.0031332 mm and 
minimum value was 0 mm. 
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4.1.5. Pushrod Static Structural Result 
a. Mild Steel 
 
Figure 4.17 Mild Steel Equivalent (von-Mises) Stress 
Figure 4.17 shows result stress analysis pushrod 
using mild steel material with the maximum value was 
36.137 MPa and minimum value was 0.63614 MPa. In 
figure 4.17 can be seen the position of maximum value at 
the top side that connected with rocker rod. The other side 
also given stress that pressed by lifter. 
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Figure 4.18 Mild Steel Total Deformation 
In figure 4.18 shows deformation result with 
maximum value was 7.3777 mm and minimum value was 
7.15 mm. The maximum value position point was in 
bottom side but the top side also shows red color, which 
means the value was higher. Its because the pushrod 
distribute the force from lifter to rocker rod. 
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b. Chromoly Tubing 4130 
 
Figure 4.19 Chromoly Tubing Equivalent (von-Mises) Stress 
Figure 4.19 shows result stress analysis pushrod 
using chromoly tubing material with the maximum value 
was 36.14 MPa and minimum value was 0.76579 MPa. In 
figure 4.19 can be seen the position of maximum value at 
the top side that connected with rocker rod which was same 
position with mild steel material. 
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Figure 4.20 Chromoly Tubing 4130 Total Deformation 
In figure 4.20 shows deformation result with 
maximum value was 8.1543 mm and minimum value was 
7.9026 mm. 
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4.1.6. Rocker arm Static Structural Result 
a. Mild Steel 
 
Figure 4.21 Mild Steel Equivalent (von-Mises) Stress 
Figure 4.21 shows result stress analysis rocker arm 
using mild steel material with the maximum value was 
109.34 MPa and minimum value was 0.00035397 MPa. 
In figure 4.22 can be seen the position of maximum 
stress value near the rocker rod placed. The position was on 
side of intake arm because the force from that side was 
bigger than the exhaust arm. 
 
Figure 4.22 Mild Steel Maximum Equivalent Stress 
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Figure 4.23 Mild Steel Total Deformation 
Figure 4.23 shows deformation result with maximum 
deformation value was 0.039525 mm and minimum value 
was 0 mm. The position maximum value point was 
different with the stress, position maximum value point of 
deformation was  in exhaust arm. Its because exhaust arm 
was longer than intake arm, eventhough the force was 
bigger in intake arm, length was more dominant for the 
deformation. 
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b. Chromoly Tubing 4130 
 
Figure 4.24 Chromoly Tubing Equivalent (von-Mises) Stress 
Figure 4.24 shows result stress analysis rocker arm 
using chromoly tubing material with the maximum value 
was 112.16 MPa and minimum value was 0.00036628 
MPa. 
In figure 4.25 can be seen the position of maximum 
stress value near the rocker rod placed. The position was on 
side of intake arm same with mild steel material result. 
 
Figure 4.25 Chromoly Tubing Maximum Equivalent Stress 
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Figure 4.26 Chromoly Tubing 4130 Total Deformation 
Figure 4.26 shows deformation result with maximum 
deformation value was 0.043155 mm and minimum value 
was 0 mm. The position maximum value point was same 
with mild steel material result. 
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4.1.7. Spring Static Structural Result 
a. ASTM A231 (Oil Tempered Chrome Vanadium) 
 
Figure 4.27 ASTM A231 Equivalent (von-Mises) Stress 
Figure 4.27 shows result stress analysis spring valve 
using ASTM A231 wire material with the maximum value 
was 787.04 MPa and minimum value was 0.058032 MPa. 
The maximum stress value position was in bottom side 
area, because all the stress was distribute to bottom side. 
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Figure 4.28 ASTM A231 Total Deformation 
Figure 4.28 shows deformation result with maximum 
deformation value was 3.1469 mm and minimum value 
was 0 mm. The maximum value deformation position was 
in top side, because top side of spring was pressed down by 
force and bottom side in same position. 
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b. ASTM A401 (Oil Tempered Chrome Silicon) 
 
Figure 4.29 ASTM A401 Equivalent (von-Mises) Stress 
Figure 4.29 shows result stress analysis spring valve 
using ASTM A401 wire material with the maximum value 
was 772.97 MPa and minimum value was 0.05614 MPa. 
The maximum stress value position was in bottom side area 
same with ASTM A231 material result. 
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Figure 4.30 ASTM A401 Total Deformation 
Figure 4.30 shows deformation result with maximum 
deformation value was 3.0288 mm and minimum value 
was 0 mm. The maximum value deformation position was 
same with ASTM A231 result. 
4.1.8. Comparison Stress Analysis Results of Component 
The software simulation gives the result of static 
structural stress each component from several components 
and all the result be unite into a table and charts for every 
result to be compared. It’s used to ease the selection of 
materials from each component. The comparison of static 
structural stress can be seen in Table 4.2 – Table 4.3 and 
Figure 4.31 – 4.37 from each component and material. 
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Table 4.2 Comparison Static Structural Stress of Component 
No 
Component Mechanical Stress (MPa) 
  Material Max Min 
1 Camshaft     
a   Gray Cast Iron 3.0463 0.0029098 
b   Malleable Cast Iron 3.045 0.003087 
2 Intake Valve     
a   Steel JIS SUH11 19.056 6.98E-20 
b   Steel JIS SUH3 19.893 6.47E-19 
3 Exhaust Valve     
a   Steel JIS SUH35 18.152 0 
b   Steel JIS SUH37 16.075 5.52E-20 
4 Lifter     
a   Gray Cast Iron 35.321 0.00075849 
b   Malleable Cast Iron 34.867 0.00080046 
5 Pushrod     
a   Mild Steel 36.137 0.63614 
b   Chromoly Tubing 36.140 0.76579 
6 Rocker Arm     
a   Mild Steel 109.34 0.00035397 
b   Chromoly Tubing 112.16 0.00036628 
7 Spring Valve     
a   ASTM A231 787.04 0.058032 
b   ASTM A401 772.97 0.05614 
Table 4.2 shows the comparison data static structural 
stress of components from all result of simulation result, 
which was divided by each component. Its seen that 
maximum value of mechanical stress was more dominant 
than minimum value so its more efficient for explain about 
the maximum value.  
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Figure 4.31 Chart Comparison Analysis Maximum Stress 
Analysis of Camshaft 
Figure 4.31 shows chart of camshaft material of gray 
cast iron has higher stress than the malleable cast iron with 
difference value range was 0.0013 MPa. The difference of 
stress analysis was not bigger because the value of 
poisson’s ratio was the same but the young’s modulus 
difference was high. 
 
Figure 4.32 Chart Comparison Analysis Maximum Stress 
Analysis of Intake Valve 
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Figure 4.32 shows chart of intake valve material 
from steel JIS SUH3 has higher stress than the steel JIS 
SUH11 with difference value range was 0.837 MPa. Even 
the differences of density and young’s modulus of these 
two material was high and the poisson’s ratio was low, the 
differences of the stress result still low. It can be conclude 
that poisson’s ratio was directly proportional with the stress 
result. 
 
Figure 4.33 Chart Comparison Analysis Maximum Stress 
Analysis of Exhaust Valve 
Figure 4.33 shows chart of exhaust valve material 
from steel JIS SUH35 has higher stress than the steel JIS 
SUH37 with difference value range was 2.077 MPa. The 
differences of these two material were on the isotropic 
elasticity value. 
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Figure 4.34 Chart Comparison Analysis Maximum Stress 
Analysis of Lifter 
Figure 4.34 shows chart of lifter material from gray 
cast iron has higher stress than the malleable cast iron with 
difference value range was 0.454 MPa. The differences 
result same with intake valve condition, the differences of 
Poisson’s ratio was low. 
 
Figure 4.35 Chart Comparison Analysis Maximum Stress 
Analysis of Pushrod 
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Figure 4.35 shows chart of pushrod material from 
chromoly tubing has higher stress than the mild steel with 
difference value range was 0.003 MPa. 
 
Figure 4.36 Chart Comparison Analysis Maximum Stress 
Analysis of Rocker Arm 
Figure 4.36 shows chart of rocker arm material from 
chromoly tubing has higher stress than the mild steel with 
difference value range was 2.82 MPa. 
 
Figure 4.37 Chart Comparison Analysis Maximum Stress 
Analysis of Spring Valve 
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Figure 4.37 shows chart of spring valve material 
from ASTM A231 wire has higher stress than the ASTM 
A401 wire with difference value range was 14.07 MPa. 
Table 4.3 Comparison Deformation Result of Components 
No 
Component Deformation (mm) 
  Material Max Min 
1 Camshaft 
 
  
a   Gray Cast Iron 0.002516 0 
b   Malleable Cast Iron 0.001088 0 
2 Intake Valve 
 
  
a   Steel JIS SUH11 0.00050392 0 
b   Steel JIS SUH3 0.00025571 0 
3 Exhaust Valve 
 
  
a   Steel JIS SUH35 0.00053259 0 
b   Steel JIS SUH37 0.00048913 0 
4 Lifter 
 
  
a   Gray Cast Iron 0.0072587 0 
b   Malleable Cast Iron 0.0031331 0 
5 Pushrod 
 
  
a   Mild Steel 7.3777 7.15 
b   Chromoly Tubing 8.1543 7.9026 
6 Rocker Arm 
 
  
a   Mild Steel 0.039525 0 
b   Chromoly Tubing 0.043155 0 
7 Spring Valve 
 
  
a   ASTM A231 3.1469 0 
b   ASTM A401 3.0288 0 
Table 4.3 shows the comparison deformation result 
of components from simulation software. 
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Figure 4.38 Chart Comparison Deformation Maximum Value 
of Camshaft 
Figure 4.38 shows chart of deformation maximum 
value of camshaft was gray cast iron higher than malleable 
cast iron. The differences value range of deformation was 
0.001428 mm. 
 
Figure 4.39 Chart Comparison Deformation Maximum Value 
of Intake Valve 
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Figure 4.39 shows chart intake valve deformation 
maximum value of steel JIS SUH11 was higher than steel 
JIS SUH3 with differences value was 0.00024821 mm. 
 
Figure 4.40 Chart Comparison Deformation Maximum Value 
of Exhaust Valve 
Figure 4.40 shows chart of exhaust valve 
deformation maximum value of steel JIS SUH35 was 
higher than JIS SUH37 with differences value was 
0.00004346 mm. 
 
Figure 4.41 Chart Comparison Deformation Maximum Value 
of Lifter 
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Figure 4.41 shows chart of lifter deformation 
maximum value of gray cast iron was higher than 
malleable cast iron with differences value range was 
0.0041256 mm. 
 
Figure 4.42 Chart Comparison Deformation Maximum Value 
of Pushrod 
Figure 4.42 shows chart of pushrod deformation 
maximum value of chromoly tubing was higher than mild 
steel with differences value range was 0.7766 mm. 
 
Figure 4.43 Chart Comparison Deformation Minimum Value 
of Pushrod 
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Figure 4.43 shows chart of pushrod deformation 
minimum value of chromoly tubing was higher than mild 
steel with differences value range was 0.7526 mm. 
 
Figure 4.44 Chart Comparison Deformation Maximum Value 
of Rocker Arm 
Figure 4.44 shows chart of rocker arm deformation 
maximum value of chromoly tubing was higher than mild 
steel with differences value range was 0.00363 mm. 
 
Figure 4.45 Chart Comparison Deformation Maximum Value 
of Spring Valve 
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Figure 4.45 shows chart of spring valve deformation 
maximum value of ASTM A231 was higher than ASTM 
A401 with differences value range was 0.1181 mm. 
4.1.9. Comparison Safety Factor of Components 
Safety factor is one of important factor to select 
material for component and the meaning of safety factor is 
ratio of the allowable working unit stress, allowable stress 
or working stress. The ultimate strength of a given material 
divided by working stress with factor of safety, dependent 
on material. 
Table 4.4 Comparison Safety Factor of Components 
No 
Component 
Safety Factor 
  Material 
1 Camshaft     
a   Gray Cast Iron 187.82 
b   Malleable Cast Iron 135.83 
2 Intake Valve     
a   Steel JIS SUH11 48.91 
b   Steel JIS SUH3 46.85 
3 Exhaust Valve     
a   Steel JIS SUH35 48.59 
b   Steel JIS SUH37 48.83 
4 Lifter     
a   Gray Cast Iron 16.20 
b   Malleable Cast Iron 11.86 
5 Pushrod     
a   Mild Steel 12.18 
b   Chromoly Tubing 15.50 
6 Rocker Arm     
a   Mild Steel 4.02 
b   Chromoly Tubing 4.99 
7 Spring Valve 
 
  
a   ASTM A231 2.85 
b   ASTM A401 2.68 
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Figure 4.46 Chart Comparison Safety Factor of Camshaft 
Figure 4.46 shows chart of the safety factor value of 
camshaft that gray cast iron has higher value than malleable 
cast iron. The differences safety factor value was 51.99. 
 
Figure 4.47 Chart Comparison Safety Factor of Intake Valve 
Figure 4.47 shows chart of the safety factor value of 
intake valve that steel JIS SUH11 has higher value than 
steel JIS SUH3. The differences safety factor value was 
2.06. 
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Figure 4.48 Chart Comparison Safety Factor of Exhaust 
Valve 
Figure 4.48 shows chart of the safety factor value of 
exhaust valve steel JIS SUH37 has higher value than steel 
JIS SUH35. The differences safety factor value was 0.24. 
 
Figure 4.49 Chart Comparison Safety Factor of Lifter 
Figure 4.49 shows chart of the safety factor value of 
lifter that gray cast iron has higher value than malleable 
cast iron. The differences safety factor value was 4.34. 
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Figure 4.50 Chart Comparison Safety Factor of Pushrod 
Figure 4.50 shows chart of the safety factor value of 
pushrod that chromoly tubing has higher value than mild 
steel. The differences safety factor value was 3.32. 
 
Figure 4.51 Chart Comparison Safety Factor of Rocker Arm 
Figure 4.51 shows chart of the safety factor value of 
rocker arm that chromoly tubing has higher value than mild 
steel. The differences safety factor value was 0.97. 
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Figure 4.52 Chart Comparison Safety Factor of Spring Valve 
Figure 4.52 shows chart of the safety factor value of 
spring valve that ASTM A231 has higher value than 
ASTM A401. The differences safety factor value was 0.17. 
4.2. MOTION ANALYSIS 
Motion analysis using solidworks to make the 
geometry of the cam system can function correctly. 
Parameter for motion analysis: 
a. Pressure in each cylinder 
Data of the pressure collected from simulation 
software of engine. Pressure value will convert into force 
by multiplied the pressure with area, which wass area for 
piston, inlet and outlet valve. The force pushes area with 
correlation angle of revolution. 
b. Mates for geometry of the cam systems 
Mates for geometry are giving order of cam systems to 
running correctly. The mates also give correlation between 
components. 
c. Motor 
Motor was used for order to engine running in correct 
path and adjust the rotation of crankshaft with input data. 
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d. Spring valve 
Spring valve was used to return valves after its push 
by camshaft (cam lobe) with spring constant value 
according to material properties of the spring valve. 
e. Material of each components 
Before running the motion analysis, material was 
determined to make the motion more realistic. 
f. Body contact 
Body contact was giving contact order to each 
component. 
g. Condition of analysis 
The motion analysis was conducted in pressure 
condition was in 800 rpm and 2200 rpm because to make 
the motion can be rotate smoothly and also the result of 
motion analysis can be obtained accurately. 
4.2.1. Linear Velocity of Intake and Exhaust Valve Result 
The result of motion analysis given can be vary and 
one of the result was linear velocity of valve. Linear 
velocity charts could give information or data to know the 
works of valve and spring in correlation. The condition of 
linear velocity was in 800 rpm. 
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a. Linear velocity of intake valve 
 
Figure 4.53 Chart Linear Velocity of Intake Valve 
Figure 4.53 shows chart that velocity of upward and downward was looking the same, it 
could give information that spring was given near same value of velocity to close the intake 
valve. The maximum value of linear velocity was 696.573 mm/s and the minimum value was -
695.883 mm/s. 
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b. Linear velocity of exhaust valve 
 
Figure 4.54 Chart Linear Velocity of Exhaust Valve 
Figure 4.54 shows chart the velocity pattern same with Figure 4.53 and its can be 
concluded that spring was given near same value of velocity to close the exhaust valve. The 
maximum value of linear velocity was 463.734 mm/s and minimum value was -483.085 mm/s. 
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c. Comparison of linear velocity between intake valve and exhaust valve 
 
Figure 4.55 Chart Comparison of Linear Velocity between Intake Valve and Exhaust Valve 
Figure 4.55 shows chart the comparison between intake valve and exhaust valve linear 
velocity. Its gave information that intake valve lift array was higher than exhaust valve. 
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4.2.2. Angular Velocity of Camshaft 
 
Figure 4.56 Chart Angular Velocity of Camshaft 
Figure 4.56 shows chart the value of angular velocity in camshaft was around 2400 
deg/sec. It was half of angular velocity in the crankshaft. The condition of angular velocity was 
in 800 rpm 
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4.2.3. Friction Force between Camshaft and Lifter 
a. Friction force intake part 
 
Figure 4.57 Chart Friction Force Intake Cam Lobe 
Figure 4.57 shows chart the friction force intake of cam lobe area maximum value was 
125.393N and this result become input data for stress analysis. The condition of friction force 
was in 2200 rpm. 
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b. Friction force exhaust part 
 
Figure 4.58 Chart Friction Force Exhaust Cam Lobe 
Figure 4.58 shows chart the friction force exhaust of cam lobe area maximum value was 
106.373N and this result become input data for stress analysis. The condition of friction force 
was in 2200 rpm. 
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4.2.4. Contact Force between Camshaft and Lifter 
a. Contact Force Intake Cam Lobe 
 
Figure 4.59 Chart Contact Force Intake Cam Lobe 
Figure 4.59 shows chart the contact force intake cam lobe maximum value was 845.307 
N and this result become input data for stress analysis. The condition of friction force was in 
2200 rpm. 
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b. Contact Force Exhaust Cam Lobe 
 
Figure 4.60 Chart Contact Force Exhaust Cam Lobe 
Figure 4.60 shows chart the contact force exhaust cam lobe maximum value was 715.945 
N and this result become input data for stress analysis. The condition of friction force was in 
2200 rpm. 
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ATTACHMENT 
 
Table 1 Input Data for Stress Analysis 
Camshaft   
Torque = 953186 Nmm 
Friction of cam lobe intake = 125.3933 N 
Length of moment intake arm = 26.99422 mm 
Friction intake moment = 3384.894 Nmm 
Friction of cam lobe exhaust = 106.217 N 
Length of moment = 25.42066 mm 
Friction exhaust moment = 2700.106 Nmm 
Contact force cam lobe intake = 845.3073 N 
Contact force cam lobe exhaust = 717.0877 N 
Exhaust and Intake Valve   
Pressure  @ 1800 rpm = 174.425 bar 
Lifter   
Friction intake moment = 3384.894 Nmm 
Contact force cam lobe intake = 845.3073 N 
Pushrod   
Contact force cam lobe intake = 845.3073 N 
Rocker Arm   
Ratio intake arm = 48.142 : 31.331 
Ratio exhaust arm = 54.652 : 31.325 
   Contact force cam lobe intake   
Pushrod side = 845.3073 N 
Valve side = 550.1338 N 
   Contact force cam lobe exhaust   
Pushrod side = 717.0877 N 
Valve side = 411.0171 N 
Spring   
Contact force cam lobe intake valve side = 550.1338 N 
  
  
2 
 
Table 2 Input Data for Motion Analysis 
oCA P 
 
-91.9 0.435 
 
-73.8 0.644 
 
-55.6 1.106 
-109.7 0.331 
 
-91.4 0.439 
 
-73.2 0.652 
 
-55.1 1.125 
-109.2 0.334 
 
-90.9 0.443 
 
-72.7 0.660 
 
-54.6 1.146 
-108.7 0.336 
 
-90.4 0.447 
 
-72.2 0.669 
 
-54.1 1.166 
-108.2 0.338 
 
-89.9 0.452 
 
-71.7 0.678 
 
-53.6 1.188 
-107.7 0.341 
 
-89.4 0.456 
 
-71.2 0.687 
 
-53.1 1.210 
-107.2 0.343 
 
-88.9 0.460 
 
-70.7 0.696 
 
-52.6 1.232 
-106.7 0.345 
 
-88.4 0.465 
 
-70.2 0.706 
 
-52.0 1.255 
-106.2 0.348 
 
-87.9 0.469 
 
-69.7 0.715 
 
-51.5 1.279 
-105.7 0.350 
 
-87.4 0.474 
 
-69.2 0.725 
 
-51.0 1.304 
-105.2 0.352 
 
-86.9 0.479 
 
-68.7 0.735 
 
-50.5 1.329 
-104.6 0.355 
 
-86.4 0.484 
 
-68.2 0.746 
 
-50.0 1.355 
-104.1 0.358 
 
-85.9 0.489 
 
-67.7 0.756 
 
-49.5 1.381 
-103.6 0.360 
 
-85.4 0.494 
 
-67.2 0.767 
 
-49.0 1.409 
-103.1 0.363 
 
-84.8 0.499 
 
-66.7 0.778 
 
-48.5 1.437 
-102.6 0.366 
 
-84.3 0.504 
 
-66.2 0.790 
 
-48.0 1.466 
-102.1 0.368 
 
-83.8 0.510 
 
-65.7 0.801 
 
-47.5 1.496 
-101.6 0.371 
 
-83.3 0.515 
 
-65.2 0.813 
 
-47.0 1.527 
-101.1 0.374 
 
-82.8 0.521 
 
-64.7 0.825 
 
-46.4 1.558 
-100.6 0.377 
 
-82.3 0.526 
 
-64.2 0.838 
 
-45.9 1.591 
-100.1 0.380 
 
-81.8 0.532 
 
-63.7 0.851 
 
-45.4 1.625 
-99.6 0.383 
 
-81.3 0.538 
 
-63.2 0.864 
 
-44.9 1.659 
-99.0 0.386 
 
-80.8 0.544 
 
-62.7 0.877 
 
-44.4 1.695 
-98.5 0.389 
 
-80.3 0.550 
 
-62.2 0.891 
 
-43.9 1.732 
-98.0 0.392 
 
-79.8 0.557 
 
-61.7 0.905 
 
-43.4 1.769 
-97.5 0.395 
 
-79.3 0.563 
 
-61.2 0.920 
 
-42.9 1.808 
-97.0 0.399 
 
-78.8 0.570 
 
-60.6 0.935 
 
-42.3 1.849 
-96.5 0.402 
 
-78.3 0.576 
 
-60.1 0.950 
 
-41.8 1.890 
-96.0 0.405 
 
-77.8 0.583 
 
-59.6 0.965 
 
-41.3 1.933 
-95.5 0.409 
 
-77.3 0.590 
 
-59.1 0.981 
 
-40.8 1.977 
-95.0 0.412 
 
-76.8 0.597 
 
-58.6 0.998 
 
-40.3 2.023 
-94.5 0.416 
 
-76.3 0.605 
 
-58.1 1.015 
 
-39.8 2.070 
-94.0 0.420 
 
-75.8 0.612 
 
-57.6 1.032 
 
-39.3 2.118 
-93.5 0.423 
 
-75.3 0.620 
 
-57.1 1.050 
 
-38.7 2.168 
-93.0 0.427 
 
-74.8 0.627 
 
-56.6 1.068 
 
-38.2 2.219 
-92.4 0.431 
 
-74.3 0.635 
 
-56.1 1.086 
 
-37.7 2.273 
  
3 
 
-37.2 2.328 
 
-18.8 5.804 
 
-2.4 13.503 
 
13.9 14.739 
-36.7 2.384 
 
-18.4 5.943 
 
-2.0 13.746 
 
14.4 14.560 
-36.1 2.443 
 
-18.0 6.049 
 
-1.5 13.982 
 
14.8 14.374 
-35.6 2.503 
 
-17.5 6.182 
 
-1.1 14.210 
 
15.3 14.183 
-35.1 2.566 
 
-17.1 6.312 
 
-0.6 14.430 
 
15.8 13.986 
-34.6 2.630 
 
-16.6 6.440 
 
-0.2 14.640 
 
16.2 13.786 
-34.1 2.697 
 
-16.1 6.569 
 
0.3 14.841 
 
16.7 13.581 
-33.5 2.766 
 
-15.6 6.699 
 
0.7 15.030 
 
17.2 13.373 
-33.0 2.837 
 
-15.2 6.829 
 
1.2 15.209 
 
17.6 13.163 
-32.5 2.910 
 
-14.7 6.959 
 
1.6 15.375 
 
18.1 12.950 
-32.0 2.986 
 
-14.2 7.098 
 
2.1 15.529 
 
18.6 12.735 
-31.4 3.064 
 
-13.8 7.269 
 
2.5 15.671 
 
19.1 12.519 
-30.9 3.145 
 
-13.3 7.464 
 
3.0 15.798 
 
19.5 12.302 
-30.4 3.229 
 
-12.8 7.677 
 
3.4 15.912 
 
20.0 12.084 
-29.8 3.315 
 
-12.4 7.904 
 
3.9 16.011 
 
20.5 11.867 
-29.3 3.404 
 
-11.9 8.140 
 
4.3 16.096 
 
21.0 11.649 
-28.8 3.495 
 
-11.5 8.384 
 
4.8 16.166 
 
21.5 11.433 
-28.3 3.588 
 
-11.0 8.630 
 
5.2 16.221 
 
21.9 11.217 
-27.8 3.683 
 
-10.5 8.879 
 
5.7 16.262 
 
22.4 11.002 
-27.2 3.781 
 
-10.1 9.129 
 
6.1 16.286 
 
22.9 10.788 
-26.7 3.881 
 
-9.6 9.379 
 
6.6 16.296 
 
23.4 10.577 
-26.2 3.983 
 
-9.2 9.629 
 
7.0 16.293 
 
23.9 10.367 
-25.7 4.088 
 
-8.7 9.879 
 
7.5 16.275 
 
24.4 10.159 
-25.2 4.195 
 
-8.3 10.128 
 
7.9 16.242 
 
24.8 9.954 
-24.7 4.304 
 
-7.8 10.378 
 
8.4 16.196 
 
25.3 9.751 
-24.2 4.416 
 
-7.4 10.627 
 
8.8 16.137 
 
25.8 9.551 
-23.7 4.531 
 
-6.9 10.876 
 
9.3 16.065 
 
26.3 9.353 
-23.2 4.648 
 
-6.5 11.142 
 
9.8 15.979 
 
26.8 9.159 
-22.7 4.767 
 
-6.0 11.411 
 
10.2 15.881 
 
27.3 8.967 
-22.2 4.888 
 
-5.6 11.681 
 
10.7 15.773 
 
27.8 8.779 
-21.7 5.012 
 
-5.1 11.949 
 
11.1 15.654 
 
28.3 8.594 
-21.3 5.139 
 
-4.7 12.216 
 
11.6 15.524 
 
28.8 8.411 
-20.8 5.267 
 
-4.2 12.480 
 
12.0 15.384 
 
29.3 8.233 
-20.3 5.398 
 
-3.8 12.742 
 
12.5 15.235 
 
29.7 8.057 
-19.8 5.531 
 
-3.3 13.000 
 
13.0 15.078 
 
30.2 7.885 
-19.3 5.666 
 
-2.9 13.254 
 
13.4 14.912 
 
30.7 7.716 
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31.2 7.551 
 
49.6 3.585 
 
68.2 2.010 
 
86.3 1.330 
31.7 7.388 
 
50.1 3.519 
 
68.7 1.982 
 
86.8 1.317 
32.2 7.230 
 
50.6 3.454 
 
69.2 1.956 
 
87.3 1.305 
32.7 7.074 
 
51.2 3.392 
 
69.7 1.930 
 
87.8 1.292 
33.2 6.922 
 
51.7 3.330 
 
70.0 1.915 
 
88.3 1.280 
33.7 6.773 
 
52.2 3.271 
 
70.5 1.890 
 
88.8 1.268 
34.2 6.628 
 
52.7 3.213 
 
71.0 1.865 
 
89.3 1.257 
34.7 6.486 
 
53.2 3.156 
 
71.5 1.842 
 
89.8 1.245 
35.2 6.347 
 
53.7 3.101 
 
72.0 1.818 
 
90.3 1.234 
35.8 6.211 
 
54.3 3.048 
 
72.6 1.795 
 
90.8 1.223 
36.3 6.078 
 
54.8 2.995 
 
73.1 1.773 
 
91.3 1.212 
36.8 5.949 
 
55.3 2.944 
 
73.6 1.751 
 
91.9 1.201 
37.3 5.823 
 
55.8 2.895 
 
74.1 1.730 
 
92.4 1.191 
37.8 5.699 
 
56.3 2.846 
 
74.6 1.709 
 
92.9 1.181 
38.3 5.579 
 
56.8 2.799 
 
75.1 1.689 
 
93.4 1.171 
38.8 5.462 
 
57.4 2.753 
 
75.6 1.669 
 
93.9 1.161 
39.3 5.347 
 
57.9 2.708 
 
76.1 1.649 
 
94.4 1.151 
39.8 5.236 
 
58.4 2.665 
 
76.6 1.630 
 
94.9 1.141 
40.3 5.127 
 
58.9 2.622 
 
77.1 1.611 
 
95.4 1.132 
40.8 5.021 
 
59.4 2.581 
 
77.7 1.593 
 
95.9 1.123 
41.4 4.918 
 
59.9 2.540 
 
78.2 1.574 
 
96.4 1.114 
41.9 4.817 
 
60.5 2.501 
 
78.7 1.557 
 
96.9 1.105 
42.4 4.719 
 
61.0 2.462 
 
79.2 1.539 
 
97.4 1.096 
42.9 4.624 
 
61.5 2.424 
 
79.7 1.523 
 
97.9 1.088 
43.4 4.530 
 
62.0 2.388 
 
80.2 1.506 
 
98.4 1.079 
43.9 4.440 
 
62.5 2.352 
 
80.7 1.490 
 
98.9 1.071 
44.4 4.351 
 
63.0 2.317 
 
81.2 1.474 
 
99.4 1.063 
45.0 4.265 
 
63.5 2.283 
 
81.7 1.458 
 
99.9 1.055 
45.5 4.182 
 
64.1 2.249 
 
82.2 1.443 
 
100.4 1.047 
46.0 4.100 
 
64.6 2.217 
 
82.7 1.428 
 
100.9 1.039 
46.5 4.021 
 
65.1 2.185 
 
83.2 1.413 
 
101.4 1.032 
47.0 3.943 
 
65.6 2.154 
 
83.7 1.398 
 
101.9 1.024 
47.5 3.868 
 
66.1 2.124 
 
84.3 1.384 
 
102.5 1.017 
48.1 3.795 
 
66.6 2.094 
 
84.8 1.370 
 
103.0 1.010 
48.6 3.723 
 
67.1 2.065 
 
85.3 1.357 
 
103.5 1.003 
49.1 3.653 
 
67.6 2.037 
 
85.8 1.343 
 
104.0 0.996 
  
5 
 
104.5 0.989 
 
122.6 0.805 
 
140.9 0.700 
 
159.4 0.622 
105.0 0.982 
 
123.1 0.801 
 
141.4 0.698 
 
159.9 0.620 
105.5 0.975 
 
123.6 0.797 
 
141.9 0.696 
 
160.3 0.618 
106.0 0.969 
 
124.1 0.794 
 
142.5 0.693 
 
160.8 0.616 
106.5 0.963 
 
124.6 0.790 
 
143.0 0.691 
 
161.3 0.613 
107.0 0.956 
 
125.1 0.787 
 
143.5 0.689 
 
161.8 0.611 
107.5 0.950 
 
125.6 0.783 
 
144.0 0.687 
 
162.2 0.609 
108.0 0.944 
 
126.1 0.780 
 
144.5 0.685 
 
162.7 0.606 
108.5 0.938 
 
126.6 0.776 
 
145.1 0.682 
 
163.2 0.604 
109.0 0.932 
 
127.1 0.773 
 
145.6 0.680 
 
163.7 0.602 
109.5 0.926 
 
127.6 0.770 
 
146.1 0.678 
 
164.1 0.599 
110.0 0.921 
 
128.1 0.767 
 
146.6 0.676 
 
164.6 0.597 
110.5 0.915 
 
128.7 0.764 
 
147.1 0.674 
 
165.1 0.594 
111.0 0.910 
 
129.2 0.760 
 
147.7 0.672 
 
165.5 0.592 
111.5 0.904 
 
129.7 0.757 
 
148.2 0.670 
 
166.0 0.589 
112.0 0.899 
 
130.2 0.754 
 
148.7 0.668 
 
166.5 0.587 
112.5 0.894 
 
130.7 0.751 
 
149.2 0.665 
 
166.9 0.584 
113.0 0.888 
 
131.2 0.748 
 
149.8 0.663 
 
167.4 0.582 
113.5 0.883 
 
131.7 0.746 
 
150.3 0.661 
 
167.8 0.579 
114.0 0.878 
 
132.2 0.743 
 
150.8 0.659 
 
168.3 0.576 
114.5 0.873 
 
132.7 0.740 
 
151.4 0.657 
 
168.8 0.574 
115.0 0.869 
 
133.2 0.737 
 
151.9 0.655 
 
169.2 0.571 
115.5 0.864 
 
133.7 0.735 
 
152.4 0.653 
 
169.7 0.569 
116.0 0.859 
 
134.2 0.732 
 
152.9 0.650 
 
170.1 0.566 
116.5 0.855 
 
134.8 0.729 
 
153.4 0.648 
 
170.6 0.563 
117.0 0.850 
 
135.3 0.727 
 
153.9 0.646 
 
171.0 0.560 
117.5 0.846 
 
135.8 0.724 
 
154.4 0.644 
 
171.5 0.558 
118.0 0.841 
 
136.3 0.722 
 
154.9 0.642 
 
171.9 0.555 
118.5 0.837 
 
136.8 0.719 
 
155.4 0.640 
 
172.4 0.552 
119.1 0.833 
 
137.3 0.717 
 
155.9 0.638 
 
172.9 0.550 
119.6 0.828 
 
137.8 0.714 
 
156.4 0.635 
 
173.3 0.547 
120.1 0.824 
 
138.3 0.712 
 
156.9 0.633 
 
173.8 0.544 
120.6 0.820 
 
138.9 0.709 
 
157.4 0.631 
 
174.2 0.541 
121.1 0.816 
 
139.4 0.707 
 
157.9 0.629 
 
174.7 0.539 
121.6 0.812 
 
139.9 0.705 
 
158.4 0.627 
 
175.1 0.536 
122.1 0.809 
 
140.4 0.702 
 
158.9 0.625 
 
175.5 0.533 
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176.0 0.530 
 
192.2 0.436 
 
209.4 0.368 
 
227.7 0.340 
176.4 0.528 
 
192.7 0.434 
 
209.9 0.367 
 
228.2 0.339 
176.9 0.525 
 
193.1 0.431 
 
210.4 0.366 
 
228.8 0.339 
177.3 0.522 
 
193.6 0.429 
 
210.9 0.365 
 
229.3 0.338 
177.8 0.519 
 
194.1 0.427 
 
211.4 0.363 
 
229.8 0.338 
178.2 0.517 
 
194.5 0.424 
 
211.9 0.362 
 
230.3 0.338 
178.7 0.514 
 
195.0 0.422 
 
212.4 0.361 
 
230.8 0.337 
179.1 0.511 
 
195.5 0.420 
 
212.9 0.360 
 
231.3 0.337 
179.6 0.509 
 
195.9 0.418 
 
213.4 0.359 
 
231.9 0.336 
180.0 0.506 
 
196.4 0.416 
 
213.9 0.358 
 
232.4 0.336 
180.5 0.503 
 
196.9 0.413 
 
214.4 0.357 
 
232.9 0.336 
180.9 0.500 
 
197.3 0.411 
 
214.9 0.356 
 
233.4 0.336 
181.4 0.498 
 
197.8 0.409 
 
215.4 0.355 
 
233.9 0.335 
181.8 0.495 
 
198.3 0.407 
 
215.9 0.354 
 
234.5 0.335 
182.3 0.492 
 
198.7 0.405 
 
216.4 0.354 
 
235.0 0.335 
182.7 0.490 
 
199.2 0.403 
 
216.9 0.353 
 
235.5 0.334 
183.2 0.487 
 
199.7 0.401 
 
217.4 0.352 
 
236.0 0.334 
183.6 0.484 
 
200.2 0.399 
 
218.0 0.351 
 
236.5 0.334 
184.0 0.482 
 
200.6 0.397 
 
218.5 0.350 
 
237.0 0.334 
184.5 0.479 
 
201.1 0.395 
 
219.0 0.350 
 
237.6 0.333 
184.9 0.476 
 
201.6 0.394 
 
219.5 0.349 
 
238.1 0.333 
185.4 0.474 
 
202.1 0.392 
 
220.0 0.348 
 
238.6 0.333 
185.8 0.471 
 
202.5 0.390 
 
220.5 0.348 
 
239.1 0.332 
186.3 0.468 
 
203.0 0.388 
 
221.0 0.347 
 
239.6 0.332 
186.8 0.466 
 
203.5 0.386 
 
221.5 0.346 
 
240.1 0.332 
187.2 0.463 
 
204.0 0.385 
 
222.1 0.346 
 
240.6 0.332 
187.7 0.461 
 
204.5 0.383 
 
222.6 0.345 
 
241.2 0.332 
188.1 0.458 
 
205.0 0.381 
 
223.1 0.344 
 
241.7 0.331 
188.6 0.456 
 
205.4 0.380 
 
223.6 0.344 
 
242.2 0.331 
189.0 0.453 
 
205.9 0.378 
 
224.1 0.343 
 
242.7 0.331 
189.5 0.451 
 
206.4 0.377 
 
224.6 0.343 
 
243.2 0.331 
189.9 0.448 
 
206.9 0.375 
 
225.1 0.342 
 
243.7 0.330 
190.4 0.446 
 
207.4 0.374 
 
225.7 0.342 
 
244.2 0.330 
190.8 0.443 
 
207.9 0.372 
 
226.2 0.341 
 
244.8 0.330 
191.3 0.441 
 
208.4 0.371 
 
226.7 0.341 
 
245.3 0.330 
191.8 0.438 
 
208.9 0.370 
 
227.2 0.340 
 
245.8 0.329 
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246.3 0.329 
 
264.0 0.325 
 
282.2 0.327 
 
300.3 0.331 
246.8 0.329 
 
264.5 0.325 
 
282.7 0.327 
 
300.8 0.331 
247.3 0.329 
 
265.0 0.325 
 
283.2 0.327 
 
301.3 0.332 
247.8 0.329 
 
265.5 0.325 
 
283.7 0.328 
 
301.8 0.332 
248.3 0.328 
 
266.0 0.325 
 
284.2 0.328 
 
302.3 0.332 
248.8 0.328 
 
266.5 0.325 
 
284.7 0.328 
 
302.8 0.332 
249.4 0.328 
 
267.0 0.325 
 
285.2 0.328 
 
303.3 0.332 
249.8 0.328 
 
267.5 0.325 
 
285.7 0.328 
 
303.8 0.332 
250.3 0.328 
 
268.0 0.325 
 
286.2 0.328 
 
304.3 0.332 
250.8 0.328 
 
268.5 0.325 
 
286.7 0.328 
 
304.8 0.332 
251.3 0.327 
 
269.0 0.325 
 
287.2 0.328 
 
305.3 0.332 
251.8 0.327 
 
269.6 0.325 
 
287.7 0.329 
 
305.8 0.332 
252.3 0.327 
 
270.1 0.325 
 
288.2 0.329 
 
306.4 0.332 
252.8 0.327 
 
270.6 0.325 
 
288.7 0.329 
 
306.9 0.332 
253.3 0.327 
 
271.1 0.325 
 
289.2 0.329 
 
307.4 0.332 
253.8 0.327 
 
271.6 0.325 
 
289.7 0.329 
 
307.9 0.332 
254.3 0.326 
 
272.1 0.325 
 
290.2 0.329 
 
308.4 0.332 
254.8 0.326 
 
272.6 0.325 
 
290.7 0.329 
 
308.9 0.332 
255.3 0.326 
 
273.1 0.326 
 
291.2 0.329 
 
309.4 0.332 
255.9 0.326 
 
273.6 0.326 
 
291.7 0.330 
 
309.9 0.332 
256.4 0.326 
 
274.1 0.326 
 
292.2 0.330 
 
310.4 0.332 
256.9 0.326 
 
274.6 0.326 
 
292.7 0.330 
 
310.9 0.332 
257.4 0.326 
 
275.1 0.326 
 
293.2 0.330 
 
311.4 0.332 
257.9 0.326 
 
275.6 0.326 
 
293.7 0.330 
 
311.9 0.332 
258.4 0.325 
 
276.1 0.326 
 
294.2 0.330 
 
312.4 0.332 
258.9 0.325 
 
276.6 0.326 
 
294.8 0.330 
 
313.0 0.332 
259.4 0.325 
 
277.1 0.326 
 
295.3 0.330 
 
313.5 0.332 
259.9 0.325 
 
277.6 0.326 
 
295.8 0.331 
 
314.0 0.332 
260.4 0.325 
 
278.1 0.326 
 
296.3 0.331 
 
314.5 0.332 
260.9 0.325 
 
278.6 0.326 
 
296.8 0.331 
 
315.0 0.332 
261.4 0.325 
 
279.2 0.327 
 
297.3 0.331 
 
315.5 0.332 
261.7 0.325 
 
279.7 0.327 
 
297.8 0.331 
 
316.0 0.332 
262.0 0.325 
 
280.2 0.327 
 
298.3 0.331 
 
316.5 0.332 
262.5 0.325 
 
280.7 0.327 
 
298.8 0.331 
 
317.1 0.332 
263.0 0.325 
 
281.2 0.327 
 
299.3 0.331 
 
317.6 0.332 
263.5 0.325 
 
281.7 0.327 
 
299.8 0.331 
 
318.1 0.332 
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318.6 0.332 
 
337.2 0.328 
 
354.0 0.328 
 
370.2 0.199 
319.1 0.332 
 
337.7 0.328 
 
354.4 0.327 
 
370.7 0.197 
319.6 0.332 
 
338.2 0.328 
 
354.9 0.326 
 
371.1 0.194 
320.1 0.332 
 
338.7 0.328 
 
355.3 0.324 
 
371.6 0.192 
320.7 0.331 
 
339.1 0.328 
 
355.8 0.322 
 
372.1 0.191 
321.2 0.331 
 
339.6 0.329 
 
356.2 0.320 
 
372.5 0.189 
321.7 0.331 
 
340.1 0.329 
 
356.7 0.318 
 
373.0 0.187 
322.2 0.331 
 
340.6 0.329 
 
357.1 0.316 
 
373.4 0.186 
322.7 0.331 
 
341.1 0.330 
 
357.6 0.313 
 
373.9 0.184 
323.2 0.331 
 
341.5 0.330 
 
358.0 0.311 
 
374.4 0.183 
323.8 0.331 
 
342.0 0.330 
 
358.5 0.308 
 
374.8 0.182 
324.3 0.330 
 
342.5 0.331 
 
358.9 0.305 
 
375.3 0.181 
324.8 0.330 
 
343.0 0.331 
 
359.4 0.302 
 
375.8 0.180 
325.3 0.330 
 
343.4 0.332 
 
359.8 0.298 
 
376.2 0.179 
325.8 0.330 
 
343.9 0.332 
 
360.3 0.295 
 
376.7 0.178 
326.4 0.330 
 
344.4 0.332 
 
360.7 0.292 
 
377.2 0.178 
326.9 0.329 
 
344.8 0.333 
 
361.2 0.288 
 
377.7 0.177 
327.4 0.329 
 
345.3 0.333 
 
361.6 0.284 
 
378.1 0.177 
327.9 0.329 
 
345.8 0.333 
 
362.1 0.280 
 
378.6 0.176 
328.5 0.329 
 
346.2 0.333 
 
362.5 0.276 
 
379.1 0.176 
329.0 0.328 
 
346.7 0.334 
 
363.0 0.271 
 
379.6 0.176 
329.5 0.328 
 
347.2 0.334 
 
363.4 0.267 
 
380.0 0.176 
330.0 0.328 
 
347.6 0.334 
 
363.9 0.262 
 
380.5 0.176 
330.6 0.328 
 
348.1 0.334 
 
364.3 0.257 
 
381.0 0.177 
331.1 0.328 
 
348.5 0.334 
 
364.8 0.252 
 
381.5 0.177 
331.6 0.327 
 
349.0 0.334 
 
365.2 0.247 
 
381.9 0.177 
332.1 0.327 
 
349.5 0.334 
 
365.7 0.242 
 
382.4 0.178 
332.7 0.327 
 
349.9 0.334 
 
366.1 0.237 
 
382.9 0.178 
333.2 0.327 
 
350.4 0.335 
 
366.6 0.232 
 
383.4 0.179 
333.7 0.327 
 
350.8 0.335 
 
367.0 0.227 
 
383.9 0.179 
334.2 0.327 
 
351.3 0.334 
 
367.5 0.222 
 
384.4 0.180 
334.7 0.327 
 
351.7 0.333 
 
367.9 0.218 
 
384.8 0.180 
335.2 0.327 
 
352.2 0.333 
 
368.4 0.213 
 
385.3 0.181 
335.7 0.327 
 
352.6 0.332 
 
368.8 0.209 
 
385.8 0.181 
336.2 0.327 
 
353.1 0.331 
 
369.3 0.206 
 
386.3 0.182 
336.7 0.327 
 
353.5 0.330 
 
369.8 0.202 
 
386.8 0.182 
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387.3 0.183 
 
405.5 0.187 
 
424.1 0.179 
 
442.2 0.174 
387.8 0.183 
 
406.0 0.187 
 
424.6 0.179 
 
442.7 0.174 
388.3 0.183 
 
406.5 0.187 
 
425.1 0.179 
 
443.3 0.174 
388.8 0.184 
 
407.0 0.187 
 
425.6 0.179 
 
443.8 0.174 
389.3 0.184 
 
407.6 0.186 
 
426.1 0.179 
 
444.3 0.174 
389.8 0.184 
 
408.1 0.186 
 
426.7 0.178 
 
444.8 0.174 
390.2 0.185 
 
408.6 0.186 
 
427.2 0.178 
 
445.3 0.174 
390.7 0.185 
 
409.1 0.186 
 
427.7 0.178 
 
445.8 0.174 
391.2 0.185 
 
409.6 0.185 
 
428.2 0.178 
 
446.3 0.174 
391.7 0.186 
 
410.2 0.185 
 
428.7 0.178 
 
446.8 0.174 
392.2 0.186 
 
410.7 0.185 
 
429.2 0.177 
 
447.3 0.174 
392.7 0.186 
 
411.2 0.184 
 
429.7 0.177 
 
447.8 0.174 
393.2 0.186 
 
411.7 0.184 
 
430.0 0.177 
 
448.3 0.174 
393.7 0.186 
 
412.2 0.184 
 
430.5 0.177 
 
448.8 0.174 
394.2 0.187 
 
412.7 0.184 
 
431.0 0.177 
 
449.3 0.174 
394.8 0.187 
 
413.3 0.183 
 
431.5 0.177 
 
449.9 0.174 
395.3 0.187 
 
413.8 0.183 
 
432.0 0.176 
 
450.4 0.174 
395.8 0.187 
 
414.3 0.183 
 
432.6 0.176 
 
450.9 0.174 
396.3 0.187 
 
414.8 0.183 
 
433.1 0.176 
 
451.4 0.174 
396.8 0.187 
 
415.3 0.183 
 
433.6 0.176 
 
451.9 0.174 
397.3 0.187 
 
415.8 0.182 
 
434.1 0.176 
 
452.4 0.174 
397.8 0.187 
 
416.4 0.182 
 
434.6 0.176 
 
452.9 0.174 
398.3 0.188 
 
416.9 0.182 
 
435.1 0.175 
 
453.4 0.174 
398.8 0.188 
 
417.4 0.182 
 
435.6 0.175 
 
453.9 0.174 
399.3 0.188 
 
417.9 0.182 
 
436.1 0.175 
 
454.4 0.174 
399.8 0.188 
 
418.4 0.181 
 
436.6 0.175 
 
454.9 0.174 
400.3 0.188 
 
418.9 0.181 
 
437.2 0.175 
 
455.4 0.174 
400.9 0.188 
 
419.5 0.181 
 
437.7 0.175 
 
455.9 0.174 
401.4 0.188 
 
420.0 0.181 
 
438.2 0.175 
 
456.4 0.174 
401.9 0.188 
 
420.5 0.181 
 
438.7 0.175 
 
456.9 0.174 
402.4 0.188 
 
421.0 0.180 
 
439.2 0.175 
 
457.4 0.174 
402.9 0.188 
 
421.5 0.180 
 
439.7 0.174 
 
457.9 0.174 
403.4 0.188 
 
422.0 0.180 
 
440.2 0.174 
 
458.5 0.174 
404.0 0.188 
 
422.5 0.180 
 
440.7 0.174 
 
459.0 0.174 
404.5 0.187 
 
423.1 0.180 
 
441.2 0.174 
 
459.5 0.174 
405.0 0.187 
 
423.6 0.180 
 
441.7 0.174 
 
460.0 0.174 
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460.5 0.174 
 
478.6 0.180 
 
496.9 0.190 
 
515.5 0.202 
461.0 0.174 
 
479.1 0.180 
 
497.4 0.190 
 
516.0 0.203 
461.5 0.174 
 
479.6 0.180 
 
497.9 0.190 
 
516.5 0.203 
462.0 0.174 
 
480.1 0.180 
 
498.4 0.191 
 
517.0 0.203 
462.5 0.175 
 
480.6 0.181 
 
498.9 0.191 
 
517.5 0.204 
463.0 0.175 
 
481.1 0.181 
 
499.4 0.191 
 
518.0 0.204 
463.5 0.175 
 
481.6 0.181 
 
500.0 0.192 
 
518.5 0.204 
464.0 0.175 
 
482.1 0.182 
 
500.5 0.192 
 
519.0 0.205 
464.5 0.175 
 
482.6 0.182 
 
501.0 0.192 
 
519.5 0.205 
465.0 0.175 
 
483.1 0.182 
 
501.5 0.193 
 
520.0 0.205 
465.5 0.175 
 
483.7 0.182 
 
502.0 0.193 
 
520.4 0.206 
466.0 0.175 
 
484.2 0.183 
 
502.5 0.193 
 
520.9 0.206 
466.5 0.175 
 
484.7 0.183 
 
503.1 0.194 
 
521.4 0.206 
467.0 0.176 
 
485.2 0.183 
 
503.6 0.194 
 
521.8 0.207 
467.5 0.176 
 
485.7 0.183 
 
504.1 0.194 
 
522.2 0.207 
468.0 0.176 
 
486.2 0.184 
 
504.6 0.195 
 
522.7 0.207 
468.5 0.176 
 
486.7 0.184 
 
505.1 0.195 
 
523.2 0.208 
469.0 0.176 
 
487.2 0.184 
 
505.7 0.195 
 
523.7 0.208 
469.5 0.176 
 
487.7 0.185 
 
506.2 0.196 
 
524.1 0.208 
470.0 0.176 
 
488.2 0.185 
 
506.7 0.196 
 
524.6 0.209 
470.5 0.176 
 
488.7 0.185 
 
507.2 0.196 
 
525.1 0.209 
471.1 0.177 
 
489.2 0.185 
 
507.8 0.197 
 
525.5 0.209 
471.6 0.177 
 
489.7 0.186 
 
508.3 0.197 
 
526.0 0.210 
472.1 0.177 
 
490.2 0.186 
 
508.8 0.197 
 
526.5 0.210 
472.6 0.177 
 
490.7 0.186 
 
509.3 0.198 
 
526.9 0.210 
473.1 0.177 
 
491.3 0.187 
 
509.9 0.198 
 
527.4 0.210 
473.6 0.177 
 
491.8 0.187 
 
510.4 0.199 
 
527.9 0.211 
474.1 0.178 
 
492.3 0.187 
 
510.9 0.199 
 
528.3 0.211 
474.6 0.178 
 
492.8 0.187 
 
511.4 0.199 
 
528.8 0.211 
475.1 0.178 
 
493.3 0.188 
 
512.0 0.200 
 
529.2 0.212 
475.6 0.178 
 
493.8 0.188 
 
512.5 0.200 
 
529.7 0.212 
476.1 0.179 
 
494.3 0.188 
 
513.0 0.200 
 
530.1 0.212 
476.6 0.179 
 
494.8 0.189 
 
513.5 0.201 
 
530.6 0.213 
477.1 0.179 
 
495.3 0.189 
 
514.0 0.201 
 
531.1 0.213 
477.6 0.179 
 
495.9 0.189 
 
514.5 0.202 
 
531.5 0.213 
478.1 0.179 
 
496.4 0.189 
 
515.0 0.202 
 
532.0 0.214 
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o Cylinder 1 
 
Figure 1 Graph Cylinder 1 Pressure Input Data 
Figure 1 shows graph cylinder 1 pressure input data for motion analysis.  
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o Cylinder 2 
 
Figure 2 Graph Cylinder 2 Pressure Input Data 
Figure 2 shows graph cylinder 2 pressure input data for motion analysis.  
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o Cylinder 3 
 
Figure 3 Graph Cylinder 3 Pressure Input Data 
Figure 3 shows graph cylinder 3 pressure input data for motion analysis.  
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o Cylinder 4 
 
Figure 4 Graph Cylinder 4 Pressure Input Data 
Figure 4 shows graph cylinder 4 pressure input data for motion analysis. 
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o Condition Brake Torque 
Table 3 Engine Brake Torque Power 
Engine Torque-Power Brake Torque 
RPM N-m 
2200 408.389 
2000 438.573 
1900 447.290 
1800 460.735 
1700 470.851 
1600 476.593 
1500 475.981 
1400 453.677 
1200 394.209 
1000 343.058 
800 292.816 
 
Figure 5 Chart Engine Brake Torque Power 
Table 3 and Figure 5 shows the condition of maximum 
brake torque was at 1600 rpm.  
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o Pressure Maximum 
Table 4 Cylinder Pressure Maximum 
Cylinder Pressure- 
Temperature 
Pressure, Maximum 
RPM bar 
2200 162.964 
2000 170.276 
1900 171.343 
1800 174.425 
1700 173.801 
1600 171.458 
1500 167.646 
1400 161.605 
1200 140.828 
1000 126.740 
800 112.291 
 
Figure 6 Chart Cylinder Pressure Maximum 
Table 4 and Figure 6 shows the condition of maximum 
cylinder pressure was at 1800 rpm. 
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CHAPTER V
RESULTS AND CONCLUSIONS
1. Distribution stress of components in cam system was based
on moment, force, friction force, and pressure. Moment
rotate the camshaft and inflict contact force with lifter. The
force distributed by lifter into pushrod, and pushrod continue
to distribute into rocker arm. Rocker arm had ratio length for
each arm, where the intake arm was shorter than exhaust
arm. The rocker arm was reducing force that comes from
pushrod by the ratio. The force had to be bigger from spring
requirement force to push the spring and valve. Spring would
be return the valve into starting position.
2. Material selection each component was based by safety
factor, if the safety factor was high enough it was allowed to
select the lower value. The stress analysis result gave
information data of stress each component and calculated
data for safety factor.
a. Camshaft : Malleable cast iron
b. Lifter : Malleable cast iron
c. Pushrod : Mild steel
d. Rocker Arm : Mild steel
e. Spring : ASTM A231
f. Intake Valve : Steel JIS SUH3
g. Exhaust Valve : Steel JIS SUH35
3. Motion analysis gave information about correlation between
components. Linear velocity of valves gave information data
which spring has given same velocity to return the valves
into starting position and also lift array of valves. Friction
force between camshaft and lifter was measured by the
software and those result became input data for stress
analysis as well as contact force. The maximum value of
intake valve velocity was 696.573 mm/s and exhaust valve
velocity was 463.734 mm/s in 800 rpm condition. Friction
force maximum value for intake area was 125.393 N and for
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exhaust area was 106.373 N in 2200 rpm condition. Contact
force maximum value for intake area was 845.307 N and for
exhaust area was 715.945 N in 2200 rpm condition.
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